Introduction 70
Agricultural intensification has led to declines in biodiversity and in associated 71 ecosystem functions (Tilman et al., 2002) . However, crop diversification within agricultural 72 landscapes is a strategy used to alleviate this loss in biodiversity. Increases in crop biodiversity 73 on the farm can take many forms, such as crop rotations, cover crops, inter-cropping, and cover 74 crop mixtures. From a management or conservation perspective, crop rotations are not the 75 traditional form of increasing biodiversity. Instead of managing species in space, crop rotations 76 increase diversity through time. This is because at any given time the species richness on a farm 77 using crop rotations is often one (same as monocultures), but there is a diverse suite of 78 biochemical inputs from crops planted at different times to soil microorganisms. There is 79 mounting evidence that this form of 'temporal biodiversity' may provide some of the same 80 each crop will affect the physical characteristics of the soil environment whether it is with 89 differences in water use (Tilman et al., 2002) , shading (Liebman and Dyck, 1993), aggregation 90 (Tiemann et al., 2015) , root morphology affecting porosity (Smucker, 1993) , or all of the above. producers (Latz et al., 2012) . In other studies, streptomycetes (a well-known group of bacteria 112 possessing antibiotic inhibitory effects) were found to contribute to disease suppression in 113 agricultural soils (Wiggins and Kinkel, 2005; Perez et al., 2008) . However, the diversity, 114 composition, and disease suppressive activity among streptomycetes communities has also been 115 found to be unrelated to plant diversity treatments (Bakker et al., 2010) . Thus, the relationship 116 between biodiversity and disease suppression in agricultural soils remains unclear. By focusing 117 on the disease suppressive capacity of soil, we can evaluate how agricultural land-use strategies 118 and subsequent changes in the soil environment and resident microorganisms impact plant 119 growth (Bakker et al., 2010; Kulmatiski and Beard, 2011). 120
Given the unknown effect of crop diversity, via rotations on microbial communities and 121 plant pathogen suppression, we used a long-term (12 y) crop rotation study at the Kellogg 122
Biological Station LTER to test the effect of crop diversity on soil bacterial biodiversity and PPS 123 potential. Specifically, our research addresses the following questions: (1) cereal L., CSW 2cov ), and a spring fallow treatment that was just plowed every spring but contains 147 7-10 naturally-occurring plant species in the region (Table 1) . This spring fallow treatment is 148 considered the benchmark for plant diversity in the region, and under same tillage. Plantings of 149 cover crop were dependent on the main crop in rotation (Smith and Gross, 2006) . The 150 experiment was in a randomized complete block design, which included four blocks or replicates 151 of each treatment. All plots received the same tillage at 15 cm depth, and no fertilizer or 152 pesticides were applied to these plots. 153 154
Soil sampling 155 156
We sampled soil from six crop diversity treatments, but to eliminate any immediate crop 157 effect all the treatments were sampled in the corn phase and a spring fallow treatment (Table 1)  158 on November 1, 2012. In each plot, we collected five soil cores (5 cm diameter, 10 cm depth) 159 and then homogenized the cores in the field. A subsample from each composite sample was 160 sieved through 4 mm in the field, flash frozen in the field in liquid nitrogen, and stored at -80 °C 161 prior to molecular-based microbial analyses. quantified, and PCR product from each soil sample was combined in equimolar concentrations 177 for paired-end 250×250 sequencing using the Illumina MiSeq platform according to details in 178 Muscarella et al. (2014) . Briefly, we assembled the paired-end 16S rRNA sequence reads using 179 the Needleman algorithm (Needleman and Wunsch, 1970). All sequences were subjected to 180 systematic checks to reduce sequencing and PCR errors. High quality sequences (i.e., >200 bp in 181 length, quality score of >25, exact match to barcode and primer, and contained no ambiguous 182 characters) were retained. In addition, we identified and removed chimeric sequence using the 183 UCHIME algorithm (Edgar et al., 2011). We aligned our sequence data set with the bacterial 184 SILVA-based bacterial reference database (Yilmaz et al., 2013) . During data analysis, 185 operational taxonomic units (OTUs) were binned at 97% sequence identity and phylogenetic 186 classifications of bacterial sequences performed. Sequences were processed using the software 187 package mothur v. 
242
We tested for differences in total bacterial diversity (based on Shannon Diversity index 243 H!) and prnD gene abundance in response to crop diversity treatment using analysis of variance 244 (ANOVA). We checked that data met assumptions of analyses, and we treated crop diversity 245 treatment as a fixed factor and block as a random effect. We used Tukey's Honestly Significant 246 Difference (HSD) tests to identify between-group differences in bacterial diversity and prnD 247 gene abundance. 
Bacterial community composition along a crop diversity gradient 274 275
A total of 12,539,359 sequence reads were generated, and we analyzed 47,261 OTUs for 276 bacterial community "patterns". A summary of soil attributes is presented in Table S1 and 277 elsewhere (McDaniel and Grandy, 2016). The crop diversity treatment significantly influenced 278 bacterial community composition (R 2 = 0.37, p < 0.001; Table S2a , Fig. 1 ). Bacterial 279 communities from the fallow plots and the most diverse crop rotations (CSW, CSW 1cov , 280 CSW 2cov ) were more similar to each other than the lower crop diversity treatments (C 1cov , CS) 281 (Fig. 1) . The monoculture corn (mC) treatment was more distinct in bacterial community 282 composition than all other crop diversity treatments ( Among, the corn cropping systems, mC had the highest Shannon Diversity Index and decreased 287 by up to as much as 4 % in the most diverse rotation of corn-soybean-wheat with two cover 288 crops (CSW 2cov ). 289
Bacterial community composition was best explained by soil texture (R 2 = 0.066, p<0.05, 290 Table 3a ). However, bacterial community composition was marginally affected by soil moisture 291 (R 2 = 0.048, p < 0.10, Table 2 ). Labile C had an effect on bacterial community composition (R 2 292 = 0.074, p < 0.05), but potentially mineralizable C did not. Potentially mineralizable nitrogen 293 (PMN), however, which is produced in the same aerobic incubation as PMC (a biologically-294 available N pool), explained significant variation in bacterial community composition (R 2 = 295 0.063, p<0.05, Table 3 ). 296
The bacterial taxa primarily responsible for treatment differences between mC and the 297 other crop diversity treatments are Sphingomonadales spp. and Acidobacteria subgroup Gp6 298 (Table S3) . When we compared a subset of taxa representing broad biocontrol bacterial 299 community (composed of Streptomyces spp. and Pseudomonas spp.), there was no significant 300 pattern in community composition across the crop diversity treatment (PERMANOVA; crop 301 rotation: R 2 = 0.321, p = 0.132; Table S4 ). 302 Table S2b ). The phlD community 309 composition in the fallow treatment was different from other cropping systems ( 70% of the disease suppressive community under fallow conditions. In addition, the disease 313 suppressive functional group T-RF 582 bp was a dominant group, representing about 31-97% 314 relative abundance across all crop diversity treatments. In addition, prnD gene abundances in 315 cropping systems were higher than under fallow conditions (crop rotation: F 6,20 = 7.51, p = 316 0.0003; Fig. 4 ). In cropping systems, the prnD gene in CSW 2cov treatment was the most 317 abundant, and the gene abundance was significantly higher than in CSW and fallow treatments 318 (Fig. 4) . Our diversity benchmark, the fallow treatment (i.e., lowest crop diversity), showed the 319 lowest prnD gene abundances (Fig. 4) We found that crop rotation history changed bacterial diversity and disease suppression 327 potential in agricultural soils in the current study. Contrary to our prediction, bacterial diversity 328 decreased with increasing cropping diversity (Fig. 2) . In contrast, disease suppressive potential 329 of the soil microbial community increased with crop diversity, with the lowest suppressive 330 potential in the no crop fallow treatments (Fig. 4) . A possible explanation for this pattern in 331 belowground biodiversity is the contribution of cover crop species to the rotation and the 332 interaction with weedy plant species associated with these plots and. We observed that without 333 crop plants (as reflected in the no crop fallow treatment), disease suppressive potential was 334 significantly diminished compared to crop treatments, possibly due to reduced selection for soil 335 microorganisms with disease suppression traits. The composition of the soil microbial 336 community may be more important than diversity to soil suppressive function. Thus, crop 337 rotation has the potential to impact diseases suppressive function, providing evidence for 338 sustainable biocontrol of soil-borne pathogens. 339 340
Crop diversity decreases belowground (bacterial) diversity 341 342
Crop rotation history decreased bacterial diversity and increased disease suppression 343 potential in this 12-year crop diversity study. Contrary to our prediction, however, crop diversity 344 decreased soil bacterial diversity (Fig. 2) . A recent meta-analysis showed that the crop rotation 345 effect increased soil bacterial diversity (i.e., Shannon's diversity index Hʹ) most notably in the 346 first 5 years of treatment, but crop rotations occurring in greater than 5 years were more variable 347 in diversity (Venter et al., 2016) . Although, a few of studies included in the meta-analysis were 348 based on high throughput sequencing approaches (i.e., pyrosequencing) also found decreases in 349 bacterial diversity with increasing crop diversity (Alvey et al. while our crop diversity is lower in monocultures, they actually may have greater total plant 361 diversity compared to more diverse rotations when weeds are included. Last, instead of diversity, 362 the Shannon Index might also be looked at as an indicator of a shift in microbial carbon usage. 363
More specifically, a study by McDaniel and Grandy (McDaniel and Grandy, 2016), using the 364 very same soils we used in this study, found that catabolic evenness (a diversity measure of the 365 catabolism of a suite of 31 carbon compounds) also decreased with increasing crop diversity. 366
This indicates that this trend is not just structural, but also functional, and may indicate 367 specialization. 368 369
Crop diversity enhances plant pathogen suppression 370 371
The diversity of plant pathogen suppressive (PPS) microbial community increased with 372 crop diversity treatment (Fig. 4) . In addition, we found that the increased crop diversity, via 373 rotation, increased the abundance and composition of a specific plant pathogen suppression gene. 374
Together, these results suggest that cropping diversity may increase the disease suppressive 375 functional potential of agricultural soils. These findings are consistent with previous studies 376 suggesting that plant diversity can enhance protection against soil-borne pathogens by fostering 377 we did not detect distinct changes in putative biocontrol community composition (Table S4) . bacterial group is capable of producing 2,4-diacetylphloroglucinol (DAPG) and affects DAPG 409 community composition (Fig. 3) . The T-RF 582 bp was also reported to be a major DAPG-410 producing functional Pseudomonas kilonensis in a previous study ( 
